In this paper, we solve the unbalanced Poisson-Boltzman (PB) equation in two-dimensions for a 1 : 2 charge unbalanced configuration. We apply the tanh method and the Jacobi elliptic functions, getting several families od solutions.
Introduction
Electric charged solutions are a wide spread phenomena in nature. Ionic currents across membranes, self-assembled proteins, globular proteins constitute a few examples of those systems [1] . Chemical, physical and biological systems, and their technological applications like, charged colloidal suspensions, watersoluble paints, cleaning contaminated water, make those kind of solutions such extraordinary research field. One of the first successful theory, explaining electrolytes, was the Debye and Hückel equation [2] , a linearized version of the standard theory, a mean-field approach known as the Poisson-Boltzmann (PB) equation, [3] . An interesting scenario appears when it is considered strongly asymmetric electrolytes, [4] . Then, PB equation plays a crucial role.
On the other hand, an enormous analytical effort has been made in the field of solutions to nonlinear partial differential equations. Important methods have emerged and popularized, in spetial the one called, solitary wave solutions. Among them, we can find the tanh-function method and its extensions [5] - [8] , Jacobi elliptic function method [9] , homogeneous balance method [10] , Hirota's bilinear method [11] and the truncated Painleve expansion [12] - [13] . In spetial, is remarkable the methods usde to fond exact solitary wave solutions for the Tzitzeica-Dodd-Bullough (TDB) equations using algebraic techniques [14] - [17] .
Two-dimensional Poisson-Boltzmann equation
We start with the two-dimensional unbalanced Poisson-Boltzmann equation:
Then, we do the following coordinate transformation:
The derivatives change like:
Then, eq. (1) is:
Now, we choose the transformation
Then, the second derivative is:
Replacing eq. (6) in eq. (4). Then, we have:
Now, we introduce a new independent variable, [5] :
Then, the derivatives of u, are:
The solutions are postulated as:
Then, replacing eq. (9) in eq. (7), we get:
Now, balancing the highest-order linear derivative with the highest order nonlinear terms in eq. (??). Then, we have:
replacing eq. (13) in eq. (11), we get:
We suppose a 1 = 0. Doing some algebra, we find:
The solutions for a 0 are:
The families of solutions, f i , are:
Using the solution:
The corresponding solutions for a 0 are:
(24) The families of solutions are:
And defining l 1 = 9 + √ 273, the solutions are:
(32)
Also, defining l 2 , the solutions are:
+ 963
+ 1083
(36)
(38)
f 9 = (a 0,9 , a 1 9 ) , f 10 = (a 0,10 , a 1 10 ) , f 11 = (a 0,11 , a 1 11 ) (42) f 12 = (a 0,12 , a 1 1 ) f 13 = (a 0,13 , a 1 13 ) , f 14 = (a 0,14 , a 1 14 )
Jacobi Elliptic Functions
We choose a function that is finite series of Jacobi elliptic functions
Defining l 3 = 432 + 186624 + 4 (24 + 24m 2 ) 3 (52)
122 1/3 (53) 
Then, the families of solutions, f i , are: 
Conclusions
We solved the unbalanced charge Poisson-Boltzmann equation in two dimensions using the tanh and Jacobi elliptic function methods. We find fourteen families of solutions using the tanh method and twenty families of solutions using Jacobi elliptic functions. So, the solutions are.
ψ(x, y) i = ln (a 0 i + a 1 i tanh (x + y + ξ 0 )) (60)
ψ(x, y) i = ln (b 0 i + b 1 i sn(x + y + ξ 0 ))
As a future work, we have built a tool to explore solutions in other charge comfiguration systems.
